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In a new stereoselective synthesis of the tricyclic nucleus of the resin acids, 2-(2-phenylethyl)cyclohexane-1,3-
dione is cyclized to a tricyclic enone (5). Conjugate addition of lithium dimethylcuprate gives a mixture of the 5a
and 583 isomers of 18,19-dinorpodocarpa-8,11,13-triene (6), which reacts with methylenetriphenylphosphorane to
give as a major product olefin 7, which is also prepared from podocarpic acid (2). A new stereoselective synthesis
of dehydroabietic acid (1) from the dinorketone 9 via the sequence methylenetriphenylphosphorane to olefin 10,
conversion of 10 to aldehyde 17, alkylation with allyl bromide to 22, is presented. Wolff-Kishner reduction of 22
followed by oxidation affords homodehydroabietic acid (24), which has been converted previously to acid 1.

Although a number of syntheses of diterpenoid acids,
such as dehydroabietic acid (abieta-8,11,13-trien-18-oic acid,
1) and podocarpic acid (12-hydroxypodocarpa-8,11,13-
trien-19-oic acid, 2) have been described,? all of these syn-
theses are rather lengthy and many are nonstereoselective.
Also, in none of these syntheses could a single intermediate
well along the synthetic route be used to obtain stereoselec-
tively both epimeric C-4 carboxylic acids. Either the reaction
sequence gave a mixture of epimers at this center, or the
synthesis was designed in such a way that it provided only one
epimer from the outset.

In an effort to overcome both of these shortcomings a new
approach to the total synthesis of these diterpenoid acids has
been devised which is a modification of an earlier synthesis,
reported from this laboratory, which resulted in a short, ste-
reoselective synthesis of eudesmol and several related ses-
quiterpenes. The modified synthetic sequence as applied to
the diterpene acids is shown in Scheme 1. In order to utilize
readily available starting materials, this approach was to be
applied to the syntheses of podocarpa-8,11,13-trien-18-oic (3)
and -19-oic (4) acids, both of which have been converted to
naturally occurring compounds. 3¢5

The key steps of the synthesis were first, the conjugate
addition of lithium dimethylcuprate to enone 5, and second,
the reaction of methylenetriphenylphosphorane with ketone
6 to give selectively the 5a olefin (7). Olefin 7 could easily be
transformed to aldehyde 8, which then could, hopefully, be
utilized to synthesize acids 3 and 4.

* Dedicated to Professor R. B. Woodward on the occasion of his 60th birth-
day.

R// RII/
1, R=CH(CH,),; R = HR”-CHB,R”"COH
2,R=H;R =0H; R"=CO,H; R” =CH,
3, R,R =H;R"=CH,;R" = CO,H
4, R,R =H;R" =CO,H; R” = CH,
11, R = CH(CH,),; R",R" = H; R”—CH
18, R = CH(CH,),; R = H; R" = CO,H; R'” =CH,

20, R = CH(CH,),; R’
21, R = CH(CH,),; R’ = H;
22, R = CH(CH,),; R’ = H; R" = CHO; R” = CH,CH=CH,
23, R = CH(CH,),; R’ = H; R = CH,; R = CH,CH=CH,
24, R = CH(CH,),: R’ = H; R" = CH,; R” = CH.CO,H

o o8

- H; R’ = CHO; R” = CH,
R’,R" = CH,

12, R,R' =0
18,R,R =H

15,R=0H;R' =H

In order to ascertain the feasibility of the trans-selective
Wittig reaction which had worked well in other cases, %€ the
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Scheme I
R
O_ 4
(XJ ~
0 H
5 6,R=H
9, R = CH(CH,),
R
—
CH 5§
R’/ CH,
8, R=H; R =CHO 7, R=H
17, R = CH(CH,),; R' = CHO 10, R = CH(CH,),

19, R = CH(CH,),; R’ = CO,CH,

model reaction of ketone 9, readily obtainable as a mixture of
5« and 58 isomers by degradation of dehydroabietic acid,’
with methylenetriphenylphosphorane was investigated. The
preparation of ketone 9 was modified by first separating the
precursor olefin (10) from the mixture of olefins obtained from
the lead tetraacetate oxidation of dehydroabietic acid® by
means of selective epoxidation® and then cleaving the olefin
by oxidation with periodate-permanganate.

In contrast to earlier reports,*® the Wittig reaction of ketone
9 with methylenetriphenylphosphorane under a variety of
conditions was found not to be completely stereoselective with
the product containing 90% of the desired 5« isomer (10). The
structure and stereochemistry of the major product of the
Wittig reaction were confirmed by hydrogenation to 18-
norabieta-8,11,13-triene (11).8 Based on spectral data, the
balance of the hydrocarbon fraction was the undesired 58
isomer. Following the completion of this phase of the work,
Ziegler reported the reaction of a very similar ketone with
methoxymethylenetriphenylphosphorane to give the 5« iso-
mer with unspecified stereoselectivity.1®

The second key step in the synthesis was the conjugate
addition of lithium dimethylcupratel! to tricyclic enone 5.
This enone had been prepared some years ago from 2-(2-
phenylethyl)cyclohexane-1,3-dione on treatment with po-
lyphosphoric acid.!2 Repetition of this synthesis, under con-
ditions which apparently duplicated those published, gave a
complex mixture of 5, 1,2,3,4-tetrahydro-1-phenanthrone (12),
phenanthrene, and 1,2,3,4-tetrahydrophenanthrene (13),
apparently resulting from complex hydride transfer reac-
tions.

In one reaction a small quantity of 1,2,3,9,10,10a-hexahy-
dro-3-phenanthrone!? (14) was obtained. This material is
undoubtedly an artifact arising from the cyclization of 4-(2-
phenylethyl)cyclohexane-1,3-dione present as a contaminent
in the dione precursor to enone 5.14

Some effort was made to ascertain the course of the hydride
transfer reactions in these cyclization reactions of 2-(2-
phenylethyl)cyclohexane-1,3-dione. From these experiments
the following conclusions could be reached: (1) The use of
purified 2-(2-phenylethyl)cyclohexane-1,3-dione almost
completely suppressed the hydride transfer reactions. (2)
Carrying out the cyclization under relatively dilute conditions
suppressed the hydride transfer reactions. (3) Once formed,
enone 5 is stable to hot polyphospheric acid. In addition, two
probable intermediates in the hydride transfer reactions,
1,2,3,4-tetrahydro-1-phenanthrol!® (15) and 3,4-dihydro-
phenanthrene (16), were prepared in order to investigate their
possible role in this reaction.

Huffman and Harris

Although 3,4-dihydrophenanthrene has been reported
previously, in one case the compound was not characterized'®
and in the other!? the physical properties did not agree with
those of material prepared by the dehydration of alcohol 15.
In order to clarify this situation, olefin 16 was oxidized to the
corresponding diacid, which was identical with a sample
prepared from ketone 12,!8 thus confirming that our material
had the assigned structure. Based on the published data, it
appears that the dihydrophenanthrene reported by Paquette
from the pyrolysis of “benzosnoutene™’ is actually 1,2-
dihydrophenanthrene.

Treatment of alcohol 15 or dihydrophenanthrene 16 with
hot polyphosphoric acid gave low to modest yields of mixtures
of phenanthrene and tetrahydrophenanthrene (13). While a
mechanism can be proposed which accounts for most of these
data, some points remain obscure.!® It was finally found that
by carrying out the cyclization under moderately dilute con-
ditions, using purified diketone acceptable yields of recrys-
tallized enone 5 could be obtained.

The conjugate addition of lithium dimethylcuprate to enone
5 gave a mixture of both isomers of 6, which contained a pre-
ponderance (88%) of the 53 ketone. Isomerization of this
mixture with dilute acid gave the equilibrium mixture con-
taining approximately 67% of the 58 isomer.?® Reaction of
ketone 6 with methylenetriphenylphosphorane in Me2SO gave
olefin 7 with the same degree of selectivity observed in the
reaction of ketone 9 under similar conditions. This racemic
material was identical in its spectral properties with a sample
prepared from podocarpic acid (2), by removal of the phenolic
hydroxyl group,?! to give acid 4, which was decarboxylated
with lead tetraacetate to give a mixture of olefins.”»8 Pure
olefin 7 was separated from its isomers by selective epoxida-
tion of the more substituted A% and A4 olefins.?

Some efforts were made to increase the selectivity of the
Wittig reaction; however, the best results (86% of olefin 7, 14%
of the apparent 53 isomer) were obtained under the usual
conditions for dimsyl ion catalyzed generation of the phos-
phorus ylide.4® The use of excess sodium hydride gave only
recovered ketone, while carrying out the condensation of the
ketone with the ylide at room temperature led to a mixture
containing only 70% of the desired olefin (7).

Although a new synthetic path to the tricyclic nucleus of
the diterpenoid acids had been developed, in view of the lack
of complete trans selectivity in the Wittig reaction the original
plan of using completely synthetic material to synthesize acids
3 and 4 was abandoned. Instead an alternative system was
selected for the development of methodology for the intro-
duction of the carboxylic acid group at C-4. The substrate
chosen was olefin 10, an analogue of olefin 7, but which is
readily available in quantity from dehydroabietic acid.822

The conversion of olefin 10, via 19-norabietsa-8,11,13-
trien-18-al (17) to 4-epidehydroabietic acid (callitrisic acid,
18) has been reported by Pelletier,?3 and a similar transfor-
mation has been reported by Ziegler.1° Thus, a method for the
introduction of an axial carboxyl group from olefin 10 is
available. In an effort to improve this sequence aldehyde 17
was converted to methyl ester 19 by oxidation, followed by
esterification. This ester afforded the methyl ester of 4-epi-
dehydroabietic acid (18) on treatment with lithium diiso-
propylamide followed by methyl iodide; however, the yield
of isolated product from this sequence was very low (2%) and
could not be improved by varying the reaction conditions. An
improvement in the published method for converting alde-
hyde 17 to acid 18 was made when it was found that methyl-
ation of aldehyde 17 with potassium triphenylmethide2* af-
forded abieta-8,11,13-trien-19-al (20) in 91% isolated yield.
The oxidation of aldehyde 20 to acid 18 has been re-
ported.23

Although the stereoselective conversion of aldehyde 17 to
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the axial carboxylic acid is quite routine, the introduction of
an equatorial carboxyl group is less straightforward, owing to
the stereochemical course of alkylation at C-4 which invariably
leads to the introduction of an equatorial alkyl group.23 A
conversion of ketone 6 to either C-4 epimer would appear to
be possible using the combination of an elegant, but lengthy,
sequence developed recently by Trost25 with a sequence de-
vised by Wenkert;2¢ however, a direct, short, stereoselective
conversion of aldehyde 17 to a compound having the correct
stereochemistry and functionality at C-4 proved to be feasible.
The key step of this sequence was the reduction of a highly
sterically hindered aldehyde, such as 20 to the corresponding
alkane. That this reduction was feasible was realized when
aldehyde 20 was subjected to the Wolff-Kishner reduction
to afford abieta-8,11,13-triene (21).27

The conversion of aldehyde 17 to a 4a-carboxylic acid
precursor was accomplished by alkylation with potassium
triphenylmethide—-allyl bromide to give aldehyde 22 followed
by Wolff-Kishner reduction to hydrocarbon 23. Periodate-
permanganate oxidation afforded homodehydroabietic acid
24, identical in all respects with a sample prepared by homo-
logation of dehydroabietic acid.3® This compound has been
degraded to dehydroabietic acid 1 by both Stork3b and Ire-
land.?¢ In view of the fact that ketone 9 has been synthesized,28
the conversion of ketone 9 to acid 24 constitutes a formal total
synthesis of dehydroabietic acid.

Experimental Section??

18-Norabieta-4(19),8,11,13-tetraene (10). To a solution of 21,28
g (83.77 mmol) of the mixture of olefins obtained by the lead tetra-
acetate oxidation of dehydroabietic acid?8 in 900 mL of methylene
chloride was added 10.47 g (51.6 mmol) of m-chloroperbenzoic acid
(85%) in 100 mL of methylene chloride. The solution was stirred at
room temperature for 0.75 h and excess 10% aqueous sodium iodide
was added. The organic layer was drawn off and washed twice with
excess 10% aqueous sodium bisulfite and twice with 10% aqueous
sodium carbonate. The methylene chloride was dried and evaporated
to give 20.28 g of a clear yellow oil. The crude product was taken up
in hexane and chromatographed on 1000 g of activity I neutral alu-
mina. Elution with hexane gave 6.98 g (75%) of olefin, the spectral
properties of which agreed with those reported previously.?

18,19-Dinorabieta-8,11,13-trien-4-one (9). To a solution of 0.19
g (1.20 mmol) of potassium permanganate and 12.12 g (80.0 mmol)
of sodium periodate in 350 mL of water was added 13.2 g of potassium
carbonate. To this mixture was added 2.00 g (7.87 mmol) of olefin 10
dissolved in 350 mL of tert-butyl alcohol and the mixture was stirred
for 72 h at room temperature. The mixture was filtered by gravity and
the tert-butyl alcohol removed on the steam bath at water-pump
pressure. The aqueous residue was extracted with ether and the
combined ether extracts were dried and evaporated to give a yellow
oil. This oil was dissolved in 4:1 hexane-benzene and chromato-
graphed on 70 g of silica gel. Elution with 1:1-benzene~ethyl acetate
afforded 0.843 g (42%) of pure trans ketone (9, 5a-H) as a yellow oil:
IR 5.85 u; NMR 6 0.99 (s, 3 H, C-10 methyl), 1.21 (d,J = 7 Hz,6 H,
isopropyl methyl), 6.90-7.20 (m, 3 H, ArH). Chromatography on
alumina afforded the equilibrium mixture containing 67% of the 58
isomer.”

Heating a solution of 0.501 g of the 5a ketone in 25 mL of diglyme
with 2.5 mL of 2 M hydrochloric acid on the steam bath for 0.5 h gave
the same mixture of cis and trans ketones.

Wittig Reaction of 18,19-Dinorabieta-8,11,13-trien-4-one. A,
To 0.200 g (4.17 mmol) of sodium hydride (50% dispersion in mineral
oil), which had been washed repeatedly with hexane, and which was
kept under dry nitrogen, was added 6 mL of freshly distilled dimethyl
sulfoxide. The mixture was stirred at 65-72 °C until the sodium hy-
dride had dissolved and cooled to room temperature and a solution
of 1.428 g (4.00 mmol) of methyltriphenylphosphonium bromide in
4 mL of dimethyl sulfoxide was added and the mixture stirred for 5
min. A solution of 0.256 g (1.00 mmol) of 18,19-dinorabieta-
8,11,13-trien-4-one (9) in 4 mL of dimethy! sulfoxide was added and
the mixture stirred and heated for 16 h under nitrogen at 62-65 °C.
The mixture was cooled to room temperature, poured into water, and
extracted with hexane. The hexane extracts were washed with water,
dried, and evaporated to give a colorless oil which was dissolved in
hexane and chromatographed on 20 g of basic alumina. Elution with
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hexane afforded 0.080 g (32%) of colorless oil. GLC (OV-17, 285 °C)
showed the product to contain 92.5% of the 4(19) olefin (10) and 7.5%
of another compound, presumably the 58 olefin.

B. When 0.323 g (6.73 mmol) of sodium hydride as a 50% oil dis-
persion was reacted as described above with 10 mL of dimethyl sulf-
oxide, 2.285 g (6.40 mmol) of methyltriphenylphosphonium bromide
in 8 mL of dimethy! sulfoxide, and 0.410 g (1.60 mmol) of the equi-
librium mixture of ketones 9 in 8 mL of dimethy! sulfoxide, 0.120 g
(30%) of a colorless oil was obtained after chromatography. GLC
(0V-17, 235 °C) showed the product to contain 89% of the 5« olefin
(10) and 11% of the 58 isomer.

18-Norabieta-8,11,13-triene (11). A solution of 0.038 g of 18-
norabieta-4(19),8,11,13-tetraene (10) from the Wittig reaction in 15
mL of 85% ethanol was hydrogenated at 50 psig using Adams’ catalyst.
The catalyst was filtered off using Celite and the solvent evaporated
to give 0.033 g (86%) of hydrocarbon 11 as a colorless oil. The product
hadsidentical spectral data with those of a sample prepared ear-
lier.

Cyclizations of 2-(2-Phenylethyl)cyclohexane-1,3-dione. A.
To 100.0 g of polyphosphoric acid at 120 °C was added with stirring
7.793 g of crude, crystalline 2-(2-phenylethyl)cyclohexane-1,3-dione.1?
The temperature was increased at 160 °C and the mixture stirred at
that temperature for 0.75 h. After cooling to 90 °C, the mixture was
poured into water, cooled, and extracted with ether. The ether extracts
were combined, washed with water, dried, and evaporated to give
5.039 g of dark yellow oil. The crude product was dissolved in hexane
and chromatographed on Camag activity I acid-washed alumina.
Elution with 1:1 hexane-benzene gave 1.495 g of 1,2,3,4-tetrahydro-
phenanthrene 13, as a colorless oil which was identical with an au-
thentic sample. Repeated rechromatography using Woelm activity
I neutral alumina and elution with benzene gave 0.034 g of 1,2,3,4-
tetrahydro-1-ketophenanthrene 12, which was identical with an au-
thentic sample. Further elution with benzene gave a yellow oil which
crystallized on standing. Recrystallization from 30-60 °C petroleum
ether gave 0.400 g of 1,2,3,4,3,10-hexahydro-1-ketophenanthrene (5),
mp 48-48.5 °C (lit. 4849 °C!2) as light yellow plates: IR 6.00 u; NMR
6 1.78-3.45 (m, 10 H, aliphatic H), 7.15-7.85 (m, 4 H, ArH); UV 288
nm (log € 4.12), 235 (4.13), 298 {4.12). The 2,4-dinitrophenylhydrazone
had mp 260-262 °C (lit. 262-263 °C!2), Rechromatography and elu-
tion with benzene afforded 0.070 g of 1,2,3,9,10,10a-hexahydro-3-
ketophenanthrene (14), which was identical with the material de-
scribed below.,

In another reaction, 0.150 g of crude, crystalline 2-(2-phenyleth-
yleyclohexane)-1,3-dione was heated in 15.0 g of polyphosphoric acid
in the manner described above to give 0.110 g of brown oil. The crude
product was dissolved in hexane and chromatographed on 8.0 g of
Camag activity I acid-washed alumina. Elution with 2:1 hexane—
benzene gave 0.022 g of phenanthrene which was twice sublimed (80
°C, 0.025 mm) to give white crystals, mp 94-97 °C, mixture melting
point with a commercial sample 97.5-99 °C.

B. In a typical analytical run in which the products were not iso-
lated, 0.50 g of unrecrystallized diketone was added with stirring to
30 g of polyphosphoric acid at 120 °C. The mixture was stirred at 160
°C for 0.75 h. After cooling to 80 °C, the reaction mixture was poured
into water, cooled, and extracted with ether. The combined ether
extracts were washed with water, dried, and evaporated to give a
brown oil. GLC of the crude product (SE-30, 210 °C) showed the
mixture to contain 5% 1,2,3,4-tetrahydrophenanthrene (13), 4%
phenanthrene, 78% 1,2,3,4,9,10-hexahydro-1-ketophenanthrene (5),
and 14% of a mixture of 1,2,3,4-tetrahydro-1-ketophenanthrene (12)
and enone 14.

When this reaction was carried out using 0.150 g of crude, crystalline
diketone in 15 g of polyphosphoric acid, the reaction mixture con-
tained 42% tetrahydrophenanthrene (13), 21% phenanthrene, 29%
of enone 5, and 8% of ketone 12.

C. For the preparation of quantities of enone 5, the cyclization of
recrystallized (mp 149-151 °C) 2-(2-phenylethyl)cyclohexane-1,3-
dione was carried out as described above. From 15.0 g of diketone in
2500 g of polyphosphoric acid there was obtained 13.8 g of crude enone
as a dark brown oil. GLC (SE-30, 210 °C) indicated that this material
was contaminated with ca. 5% of the hydride transfer products. Re-
crystallization from petroleum ether gave 10.6 g (77%) of pale yellow
needles of sufficient purity to carry out the succeeding reactions.

1,2,3,4-Tetrahydro-1-phenanthrone (12). This material was
prepared by the polyphosphoric acid catalyzed cyclization of 4-(1-
naphthyl)butanoic acid,3% and was obtained as crystals from hexane,
mp 96-96.5 °C (lit. 96-97 °C31). This material was identical in all
respects with the material described above.

1,2,3,4-Tetrahydrophenanthrene (13). This material was pre-
pared by the Wolff-Kishner reduction of the semicarbazone of
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1,2,3,4-tetrahydro-1-ketophenanthrene. From 0.414 g of semicarba-
zone there was obtained 0.309 g (97%) of hydrocarbon 13 as a colorless
oil which crystallized on standing in the freezer: NMR 6 1.80 (m, 4 H,
H-1and H-4), 2.82 (m, 4 H, H-2 and H-2), 6.85-7.80 (m, 6 H, ArH);
UV 280 nm (log € 3.74), 308 (2.97), 315 (2.76), 325 (2.94). The picrate
has mp 109-110 °C (lit. 111 °C3!), mixture melting point with the
picrate from the cyclization of the dione 110-111 °C.

1,2,3,9,10,10a-Hexahydro-3-ketophenanthrene (14). This ma-
terial was prepared by a modification of the published procedure.}3:19
From 5.00 g of 1-tetralone there was obtained, following condensation
with ethyl formate and annelation with methyl vinyl ketone, 0.953
g (14%) of enone 14 as pale yellow crystals from cyclohexane. This
material had mp 82-83 °C (Mousseron reports mp 103 °C!3); mixture
melting point with the material described above from the cyclization
reaction 80-81 °C; IR 5.99 u; NMR 4 1.40-3.10 (m, 9 H, aliphatic H),
6.60-6.65 (d,J = 3 Hz, 1 H, H-4), 7.18-7.25 (m, 3 H, ArH), 7.65-7.82
(m, 1 H= H-5); UV 228 nm (log € 3.97), 235 (3.92), 300 (4.25).

Anal. Caled for C4H;40: C, 84.81; H, 7.12. Found: C, 85.05; H,
7.28.

3,4-Dihydrophenanthrene (16). A. To a solution of 0.100 g of
1,2,3,4-tetrahydro-1-phenanthrol (15)32 dissolved in 20 mL of toluene
was added a catalytic amount of p-toluenesulfonic acid. The reaction
mixture was heated at reflux for 2.75 h, cooled, washed with water,
and dried and the solvent was evaporated leaving 0.075 g of light
yellow solid. The crude product was dissolved in hexane and chro-
matographed on Camag activity I basic alumina. Elution with hexane
gave 0.050 g (55%) of clear plates: mp 65-66 °C; IR 6.20 u; NMR 6 2.45
(m,2H,H-4),3.18 (t,J = 8 Hz,2 H, H-3),6.12 (m, 1 H, H-2),6.55 (q,
J =1and 6 Hz, 1 H, H-1), 7.10-8.15 (m, 6 H, ArH).

Anal. Caled for Ci4Hya: C, 93.33; H, 6.66. Found: C, 93.12; H,
6.56.

B.To00.198 g of 1,2,3,4-tetrahydro-1-phenanthrol (15) in 4 mL of
pyridine was slowly added 0.35 mL of phosphoryl chloride. The so-
lution was heated on the steam bath for 1 h, cooled slightly, and
poured into water. The aqueous mixture was extracted with ether;
the ether extract was washed with cold 10% aqueous hydrochloric acid
and water, dried, and evaporated, giving 0.025 g (14%) of light yellow
oil. This material was identical with that described in part A
above.

3-(2-Carboxy-1-naphthyl)propanoic Acid. To a solution of 0.012
g (0.07 mmol) of potassium permanganate, 1.70 g (7.94 mmol) of so-
dium periodate, and 1.75 g of potassium carbonate dissolved in 40 mL
of water was added 0.144 g (0.80 mmol) of 3,4-dihydrophenanthrene
dissolved in 40 mL of tert-butyl alcohol, the reaction mixture was
stirred for 20 h at room temperature, the tert-butyl alcohol was re-
moved on the steam bath at water pump pressure, and the aqueous
residue was acidified with 10% aqueous sulfuric acid and extracted
with ether. The ether solution was extracted with 2.5% aqueous po-
tassium hydroxide and the combined alkaline extracts were washed
with ether and acidified with 10% aqueous hydrochloric acid. The
product was isolated by extraction. Recrystallization from ether/
petroleum ether gave 0.083 g (42%) of white needles, mp 202-203 °C
(lit. 203 °C18), mixture melting point with material prepared by the
method of Meyer!8b 203 °C.

4a-Methyl-1,2,3,4,4a,9,10,10a-0octahydro-1-ketophenanthrene
(6). To a rapidly stirred mixture of 23.05 g (121.0 mmol) of cuprous
iodide and 165 mL of anhydrous ether in a Morton flask at 0 °C under
nitrogen was slowly added 198 mL (256.4 mmol) of methyllithium
(1.30 M in ether). The mixture was stirred for 5 min and 6.00 g (30.3
mmol) of 1,2,3,4,9,10-hexahydro-1-ketophenanthrene (5) in 165 mL
of anhydrous ether was slowly added. The yellow, heterogeneous
mixture was stirred at 0 °C for 2 h. The mixture was slowly poured
into a rapidly stirred solution of cold 1.2 M hydrochloric acid and the
resulting mixture was repeatedly extracted with ether. The combined
ether extracts were washed twice with 10% aqueous sodium bisulfite
and once with saturated aqueous sodium chloride, dried, and evapo-
rated to give 6.067 g of brown oil. The oil was dissolved in benzene and
chromatographed on 300 g of Woelm activity I silica gel. Elution with
100:1 benzene—ethyl acetate gave 2.861 g (44%) of yellow oil. By
comparison of NMR peak heights, the product was found to contain
12% of 5a ketone and 88% of the 53 isomer.

A solution of 0.545 g of this ketone mixture in 26 mL of diglyme
containing 2.5 mL of 2 M hydrochloric acid was heated on the steam
bath for 0.5 h. The mixture was diluted with water, cooled, and ex-
tracted several times with hexane. The combined hexane extracts were
washed several times with water, dried, and evaporated to give a
yellow oil. The oil was dissolved in 1:1 hexane-benzene and filtered
through 25 g of activity I silica gel. Elution with 2:1 benzene-ethyl
acetate afforded 0.365 g (67%) of ketone mixture as a yellow oil. By
NMR integration the mixture was found to contain 34% of the 5«
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isomer and 66% of the 53 compound: IR 5.85 u; NMR, trans isomer,
4 1.00 (s, 3 H, C-10 methyl); cis osimer, 6 1.24 (s, 3 H, C-10). These
properties agree with those reported by Stork and Burgstahler.28

19-Norpodocarpa-4(18),8,11,13-tetraene (4a8-Methyl-1-
methylene-1,2,3,4,4a,9,10,10ac-octahydrophenanthrene, 7). A.
To 0.3472 g (7.23 mmol) of sodium hydride (50% oil dispersion which
had been repeatedly washed with hexane and maintained in a helium
atmosphere was added 10 mL of dimethyl sulfoxide, freshly distilled
from calcium hydride, and the mixture was stirred at 65-72 °C until
solution occurred. The flask was cooled to room temperature and a
solution of 2.295 g (6.43 mmol) of methyltriphenylphosphonium
bromide in 8 mL of dimethyl sulfoxide was added. The mixture was
sitrred for 5 min and a solution of 0.344 g (1.61 mmol) of 4a-methyl-
1,2,3,4,4a,9,10,10a-octahydro-1-ketophenanthrene (6) in 5 mL of
dimethyl sulfoxide was added. The mixture was cooled to room
temperature, poured into water, and extracted with ether. The
ethereal solution was washed with water, dried, and evaporated to give
a light yellow oil. The oil was taken up in hexane and filtered through
20 g of Camag activity I basic alumina. Elution with hexane gave 0.140
g (41%) of colorless oil which contained 86% of the 5« olefin and had
an identical infrared spectrum with that of the material described in
B below.

B. To a solution of 1.00 g (3.88 mmol) of podocarpa-8,11,13-trien-
19-oic acid?! dissolved in 15 mL of dry benzene and 1 mL of dry pyr-
idine was added 2.00 g (4.51 mmol) of lead tetraacetate. The mixture
was stirred for 1 h at room temperature, then for 3 h at reflux, cooled,
filtered through Celite, and washed several times with benzene. The
filtrate and washings were combined and concentrated. The resulting
yellow oil was dissolved in hexane, washed twice with dilute hydro-
chloric acid and twice with water, and dried and the hexane evapo-
rated. The product was taken up in hexane and filtered through 30
g of acid-washed alumina to give 0.717 g (87%) of clear, colorless oil
which contained 34% 19-norpodocarpa-4(18),8,13-tetraene (7) and
66% of a mixture of 19-norpodocarpa-4,8,11,13-tetraene plus 19-
norpodocarpa-3,8,11,13-tetraene (analysis by NMR). To a solution
of this olefin mixture in 53 mL of methylene chloride was added 0.502
g (2.47 mmol) of m-chloroperbenzoic acid (85%) and the mixture was
stirred at room temperature for 0.75 h. Excess 10% aqueous sodium
iodide was added, and the organic layer drawn off and washed twice
with excess 10% aqueous sodium bisulfite and twice with 10% aqueous
sodium carbonate. The methylene chloride was dried and evaporated
to give 0.637 g of colorless oil. The crude product was taken up in
hexane and chromatographed on 32 g of Camag activity I basic alu-
mina. Elution with hexane gave 0.134 g (57%) of clear oil: IR 6.09 y;
NMR §1.02 (s, 3 H, C-10 methyl), 4.70-4.95 (m, 2 H, CCHs), 7.10-7.50
(m, 4 H, ArH). The infrared and NMR spectra were identical with
those of the racemate described in part A.

Anal. Caled for CigHog: C, 90.51; H, 9.49. Found: C, 90.68; H,
9.54.

Methyl 19-Norabieta-8,11,13-trien-18-oate (19). To a stirred
solution of 5.70 g (21.11 mmol) of 19-norabieta-8,11,13-trien-18-al
(17) prepared by the method of Pelletier?? in 285 mL of acetone at
room temperature was added dropwise 12 mL (24.0 mmol) of Jones
reagent over a 1-min period. After 20 min, 8 mL of methanol was
added, and the mixture was diluted with brine and extracted with
ether. The ether extracts were combined, dried, and evaporated to
give a yellow oil. The crude acid was dissolved in 10% aqueous po-
tassium hydroxide, washed twice with ether, and precipitated with
dilute sulfuric acid. The precipitate was taken up in ether and the
ether was dried and evaporated to give 3.28 g (54%) of acid as a yellow
foam: IR 5.85 u; NMR 6 1.11 (s, 3 H, C-10 methyl), 6.85-7.25 (m, 3 H,
ArH), 10.37 (s, 1 H, COOH).

A solution of 3.43 g (12.00 mmol) of this material in methylene
chloride was treated with an excess of ethereal diazomethane. The
solvent was removed under vacuum to give 3.466 g of crude ester as
a yellow solid. Recrystallization from methanol gave 2.87 g (80%) of
white needles: mp 88-89 °C; IR 5.72 u; NMR 6 1.10 (s, 3 H, C-10
methyl), 1.23 (d, J = 7 Hz, isopropyl methyl), 3.68 (s, 3 H, COOCHj),
6.82-7.30 (m, 3 H, ArH).

Anal. Caled for CogHggOs: C, 79.96; H, 9.39. Found: C, 80.14; H,
9.40.

Methyl Abieta-8,11,13-trien-19-oate. To a flame-dried flask at
0 °C under helium was added 0.460 g (4.55 mmol) of diisopropylamine
and then dropwise, over a 4-min period, 2.1 mL (4.55 mmol) of 2.2 M
n-butyllithium. After stirring at 0 °C for 0.25 h, the lithium diiso-
propylamide precipitated as a white solid. A cold solution of one
crystal of triphenylmethane in 3 mL of hexamethylphosphoramide,
freshly distilled from calcium hydride, was added and to the resulting
bright red solution was added a solution of 0.667 g (2.22 mol) of methyl
19-norabieta-8,11,13-trien-18-oate (19) in 4 mL of hexamethyl-
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phosphoramide. The reaction mixture remained bright red after
stirring for 1 h at 0 °C. To the cold mixture was then added 4.72 ¢
(33.24 mmol) of methy! iodide in one portion. The mixture was stirred
and heated at 40 °C for 2 h and cooled to room temperature and 12
mL of petroleum ether was added. Sufficient 10% aqueous hydro-
chloric acid was added until the mixture became acidic and the
aqueous layer was then drawn off and twice extracted with petroleum
ether. The organic layers were combined and washed repeatedly with
10-mL portions of 10% aqueous hydrochloric acid, water, and satu-
rated brine. The solvent was dried and evaporated to give 0.416 g of
light yellow foam. The product was dissolved in 6:1 hexane-benzene
and chromatographed on 20 g of activity I acid-washed alumina.
Elution with 5:1 hexane-benzene afforded 0.014 g (2%) of oil which
crystallized on the addition of methanol; recrystallization from
methanol gave white crystals, mp 78-78.5 °C (lit.23 79-80 °C), mmp
74.5-77 °C. The infrared spectrum was identical with that of an au-
thentic sample.

Abieta-8,11,13-trien-19-al (20). To 1.13 g of potassium hydride
(6.75 mmol, 24% oil dispersion), which had been thoroughly washed
with dry hexane and anhydrous ether and which was maintained in
an atmosphere of helium, was added 3 drops of dry dimethy! sulfoxide.
Following the cessation of the evolution of hydrogen, a solution of
1.647 g (6.75 mmol) of triphenylmethane in 6.5 mL of dimethyoxy-
ethane (freshly distilled from lithium aluminum hydride) was added
and the mixture stirred for 0.25 h at 40 °C. The tritylpotassium was
added slowly to a solution of 0.450 g (1.66 mmol) of 19-norabieta-
8,11,13-trien-18-al (17) dissolved in 2.0 mL of dimethoxyethane under
helium until a permanent red color was obtained. The mixture was
stirred for 10 min and 2.5 mL of methyl iodide was added all at once,
with the immediate discharge of the red color and the formation of
a precipitate. The heterogeneous mixture was stirred overnight at
room temperature; the reaction mixture was poured into cold water
and acidified with concentrated hydrochloric acid and the product
extracted with several portions of ether. The etheral extracts were
combined, washed thoroughly with water, and dried and the solvent
was evaporated to give a mixture of a yellow oil and a solid. The
product was taken up in hexane and chromatographed on 50 g of silica
gel. Elution with benzene gave 0.433 g (91%) of a light yellow oil: IR
3.65, 5.82 u; NMR 6 1.08 (s, 3 H, C-18 methyl), 1.11 (s, 3 H, C-10
methyl), 1.28 (d, J = 7 Hz, 6 H, isopropyl methyl), 7.15-7.46 (m, 3 H,
ArH), 10.20 (d, J = 1 Hz, CHO). These spectral properties agree with
those reported by Pelletier.??

Abieta-8,11,13-triene (21), To the semicarbazone from 0.433 g
(1.52 mmol) of abieta-8,11,13-trien-19-al (20) was added a solution
of 3.66 g of potassium hydroxide in 25 mL of diethylene glycol and
enough water to effect solution. The mixture was distilled until a
temperature of 185 °C was reached and then heated at reflux for 5 h.
The reaction mixture was cooled to 90 °C, poured into water, and
extracted several times with hexane. The combined hexane extracts
were washed with water, dried, and evaporated to give a yellow oil.
The oil was taken up in hexane and chromatographed on 50 g of
acid-washed alumina. Elution with hexane gave 0.129 g (31%) of a
clear, colorless oil which crystallized on standing in the freezer. The
oil had identical spectral properties with those reported.?’

18-Dihomoabieta-8,11,13,18a-tetraen-19-al (22). A solution of
tritylpotassium prepared as described above was added slowly to a
solution of 0.981 g (3.63 mmol) of 19-norabieta-8,11,13-trien-18-al
(17) dissolved in 2.0 mL of dimethoxyethane under helium until a
permanent red color was obtained. The mixture was stirred for 10 min
and 3.0 mL of allyl bromide was added all at once, with the immediate
discharge of the red color and the formation of a precipitate. The
mixture was stirred at room temperature overnight, poured into cold
water, and acidified with concentrated hydrochloric acid and the
product was extracted with several portions of ether. The ethereal
extracts were combined, washed thoroughly with water, and dried and
the solvent was removed at reduced pressure to give a mixture of a
yellow oil and a solid. The product was taken up in hexane and chro-
matographed on silica gel. Elution with benzene gave 1.078 g (96%)
of light yellow oil: IR 3.55, 5.82, 6.10, 6.22 u; NMR 6 1.05 (s, 3H, C-10
methyl), 1.25 (d, J = 7 Hz, 6 H, isopropyl methyl), 4.95-6.00 (m, 3 H,
C-18a and C-18b, CH=-CHy), 7.00-7.50 (m, 3 H, ArH), 10.00 (s, 1 H,
CHO). The 2,4-dinitrophenylhydrazone had mp 192-193 °C.

Anal. Caled for CogH34N4O4: C, 68.55; H, 6.99; N, 11.42, Found: C,
68.70; H, 7.10; N, 11.24.

18-Dihomoabieta-8,11,13,18a-tetraene (23). To a solution of
1.063 g (3.43 mmol) of 18-dihomoabieta-8,11,13,18a-tetraen-19-al
dissolved in 40 mL of diethylene glycol was added 3.0 mL of 99% hy-
drazine and the mixture was heated at reflux for 1 h. The mixture was
cooled and a solution of 3.0 g of potassium hydroxide in 15 mL of di-
ethylene glycol and enough water to effect solution was added. The
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mixture was distilled until a temperature of 185 °C was reached and
then heated at reflux for 4.5 h, cooled, poured into water, and ex-
tracted several times with hexane. The combined hexane extracts were
washed with water, dried, and evaporated to give a yellow oil. The oil
was taken up in hexane and chromatographed on 50 g of Camag ac-
tivity I basic alumina. Elution with hexane afforded 0.537 g (53%) of
clear, colorless oil: IR 6.10, 6.20 u; NMR 6 0.92 (s, 3 H, C-10 methyl),
1.20 (s, 3 H, C-19 methyl), 2.22 (d, J = 7 Hz, 6 H, isopropyl methyl),
2.62-2.97 (m, 2 H, C-18 CHjy), 4.72-5.75 (m, 3 H, C-18a and C-18b
CH=CHjy), 6.72-7.70 (m, 3 H, ArH).

Anal. Caled for CooHag: C, 89.12; H, 10.88. Found: C, 89.33; H,
10.92.

18-Homo-8,11,13-trien-18a-0oic Acid (Homodehydroabietic
Acid, 24). To a solution of 0.325 g (1.10 mmol) of 18-dihomoabieta-
8,11,13,18a-tetraene (23) in 50 mL of tert-butyl alcohol was added
a solution of 0.045 g of potassium permanganate, 2.59 g of sodium
periodate, and 1.98 g of potassium carbonate in 50 mL of water. The
reaction mixture was stirred at room temperature for 22 h and filtered
and the solvent removed at water-pump pressure. The aqueous resi-
due was acidified with 10% sulfuric acid and the product extracted
with 1:1 hexane—ether. The combined organic extracts were washed
with 10% aqueous potassium hydroxide. The basic extract was acid-
ified with concentrated hydrochloric acid and extracted with ether.
The ether extract was washed with water, dried, and evaporated to
give a colorless oil which was twice recrystallized from aqueous
methanol to give 0.095 g (28%) of white needles, mp 142-144 °C,
mixture melting point with material prepared by Stork’s method?3b
143-144 °C. The infrared spectra of samples prepared by both pro-
cedures were identical.

Registry No.—1, 6980-63-8; 2, 15292-90-7; 4, 10178-11-7; 5,
62264-34-0; 5aH-6, 54170-97-7; 56H-6, 62318-99-4; 7, 62313-00-0;
5aH-9, 62319-01-1; 56H-9, 62319-02-2; 5aH-10, 62319-03-3; 56H-10,
62319-04-4; 12 semicarbazone, 62264-35-1; 13, 1013-08-7; 14,
53023-33-9; 15, 62264-36-2; 16, 38399-10-9; 17, 62319-05-5; 19,
62264-37-3; 19 free acid, 62264-38-4; 20, 62319-06-6; 22, 62288-64-6;
22 hydrazone, 62264-39-5; 23, 62264-40-8; 2-(2-phenylethyl)cyclo-
hexane-1,3-dione, 62264-41-9.
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Jasmone (15), dihydrojasmone (5), and 2-(8-carboxyhexyl)cyclopent-2-en-1-one (10) were prepared in several
steps from acyclic precursors. Thus, levulinic acid was transformed into a sulfide which was oxidized with N-chlo-
rosuccinimide and hydrolyzed to the diketo aldehyde 13. A chemoselective Wittig reaction, followed by base-cata-
lyzed cyclization, gave jasmone (15). Similarly, 5 was prepared from heptanal, while 10 was prepared from azelaic

acid monomethyl ester.

2-Alkyleyclopentenones are important intermediates in
the preparation of natural products such as jasmones,? pros-
taglandins,? steroids,® and triterpenes.* One method of pre-
paring such compounds is the base-catalyzed cyclization® of
1,4-dicarbonyl® compounds. While there are many methods
of preparing 1,4-diketones,® there are relatively few methods
for preparing y-keto aldehydes.®bc We would like to report
a simple sequence of reactions, from readily available starting
materials, that permits the synthesis of the 1,4-dicarbonyl
precursors of the title compounds.

Grignard reagents prepared from §-halo acetals are known
to be unstable,” although they have been used for the prepa-
ration of alcohols® and ketones.®® Grignard and lithium re-
agents prepared from protected bromopropanols and butanols
are useful for the preparation of alcohols, ketones, functional
homologations, and 1,4-additions to unsaturated systems.”
However, the preparation of both of these reagents by inex-
perienced workers is not easy, and the latter reagents are
prepared from expensive starting materials. Recently, we
showed that Grignard reagents prepared from bromoalkyl
phenyl sulfides (easily prepared from the readily available
dibromo alkanes) can be used for functional homologations.!0
In this report we present our results on the application of these
compounds to the preparation of carbonyl compounds.

While the two sequences outlined in Scheme I for the
preparation of dihydrojasmone are longer than the best
present method,! they illustrate some of the potential of the
PhS(CHs),, MgBr reagents. Hydroxy sulfide 1, prepared from
heptanal in near-quantitative yields, was oxidized selectively
to the carbonyl compound 2 with pyridinium chlorochro-
mate.}? The key intermediate 3, prepared by oxidation of 2
with N-chlorosuccinimide,!%13 was transformed into the di-
dithiane 4 and then, by the usual methods4 of alkylation,
hydrolysis, and cyclization, into dihydrojasmone (5). Alter-
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